ABSTRACT. In the male CD-1 mouse submandibular gland (SMG) renin activity increases markedly with puberty. We have reported that this is, in part, due to an androgen-mediated increase in renin gene transcription. In this study, we examined whether posttranslational processing is also influenced by androgen. We studied secretion and processing of active renin in the CD-1 male mouse SMG which secretes primarily the Ren-2 renin isozyme before and after puberty and also compared findings with the adult female CD-I mouse. Maturation increases renin level and secretion rate in the male SMG but much less in the female, In addition, Western blot analysis of molecular forms of renin in SMG tissue and media shows a predominance of I-chain intermediate form of renin before puberty but of the 2-chain mature form thereafter. Adult female SMG contains and secretes much less active renin than the male organ. Administration of testosterone to the female CD-I mouse induces an adult male level and pattern of secretion, with high concentrations of active 2-chain renin being secreted. These data suggest that SMG renin is androgen regulated, in part by an androgen-responsive enzyme that processes 1-chain renin to the 2-chain form. The sequence and kinetics of biosynthetic processing of SMG renin have been described in the mature male mouse or testosterone-treated female mouse of the 2-gene strains (1-4). Prorenin is rapidly cleaved to a single chain intermediate which is subsequently processed to the mature 2-chain form of renin. Both 1-and 2-chain forms are secreted, the 1-chain form being six times more active than the 2-chain (2). Thus, more than one form of active renin is secreted. Our previous study also suggested two separate pathways of renin secretion-a constitutive pathway from the Golgi consisting of only 1-chain renin, and a regulated pathway via secretory granules through which predominantly 2-chain renin is secreted ( 1 , 5). We and others have shown that renin lcvcls increase with age in the SMG (6-8). Furthermore, Recei\,ed April 20. 1988 
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SMG, submandibular gland
The sequence and kinetics of biosynthetic processing of SMG renin have been described in the mature male mouse or testosterone-treated female mouse of the 2-gene strains (1-4). Prorenin is rapidly cleaved to a single chain intermediate which is subsequently processed to the mature 2-chain form of renin. Both 1-and 2-chain forms are secreted, the 1-chain form being six times more active than the 2-chain (2). Thus, more than one form of active renin is secreted. Our previous study also suggested two separate pathways of renin secretion-a constitutive pathway from the Golgi consisting of only 1-chain renin, and a regulated pathway via secretory granules through which predominantly 2-chain renin is secreted ( 1 , 5). We and others have shown that renin lcvcls increase with age in the SMG (6) (7) (8) . 
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we have demonstrated that the rate of secretion of SMG renin increases with puberty. We have demonstrated that the increase in content and secretion of renin by the male SMG at puberty is, in part, due to an increase in renin transcriptional rate. In the present study, we examined whether the processing of 1-chain renin (the intermediate form) to the 2-chain renin (the mature enzyme) in the CD-1 male SMG is influenced by growth and development. We studied further whether androgen is responsible for this effect.
MATERIALS AND METHODS
Animals. Outbred Swiss [Crl:CD-l(ICR)BR] male and female mice were studied from the ages of 25 to 40 d. Pregnant female mice were originally purchased from Charles River Breeding Laboratories (Wilmington, MA). Subsequently, we established our own colony. Where indicated, testosterone propionate was administered daily by subcutaneous injection of 1 mg in 0.1 mL polyethylene glycol-400 (4, 8) . Animals had free access to food and water and were kept in alternating 12-h cycles of light and dark. Animals were weaned at 21 d. Before that, they were kept in litters of 8-10 animals.
Animals were killed by cervical dislocation. Kidneys and SMG were rapidly removed and dissected and then finely minced on ice at 4°C for secretion experiments as described below.
Secretion experiments. SMG or kidneys from male or female CD-1 mice (ages 25-40 d) were minced at 4°C in RPMI 1640 medium that had previously been gassed with 95% 02, 5% CO:: (9) . After being washed four times in RPMI 1640 medium, the tissue was preincubated for 40 inin at 37°C and then rewashed twice to remove plasma as well as products of cell lysis. The amount of SMG tissue was 1 SMG/3 mL medium for ages 2 30 d, and 2-3 SMG/3 ml medium at younger ages. The amount of kidney tissue was 2 kidneys15 mL media. The secretion experiments were then carried out over the next 60 min at 37"C, with samples of media removed for analysis at 0, 20, 40, and 60 min. Medium and tissue were placed on ice and proteinase inhibitors [0.5 mM EDTA, 0.5 mM sodium tetrathionate (NaTT), and 0.02 mM phenylmethylsulfonyl fluoride (PMSF)] were added to the medium. Tissue was homogenized with a sonicator in 0.1 M Tris-HCI, pH 74, with protease inhibitors as above plus 0.25% (v/v) Triton X-100. This mixture of protease inhibitors has been shown to be effective in maintaining renin stability and in prevention of nonspecific breakdown. Samples of media at various time points and of tissue were assayed for renin (10) and for protein, using the method of Bradford (Bio-Rad Laboratories, Richmond, CA) (1 1). Lactate dehydrogenase assays were performed on the tissue and media in parallel experiments to demonstrate that renin release is not due to cell death or lysis (12) . In addition Western blots (as described below) were performed ( 13).
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The protocols used included: 1) male SMG secretion at 25, 30, 35, and 40 (adult) d of age; 2) female adult (40-d) SMG secretion studies in mice that had been given testosterone propionate I mg/d subcutaneously (experimental group) or vehicle alone (control group).
Renin concentration assay. Media was assayed for renin concentration (10) after dilution in 0.1 M Tris-HCI, pH 7.4, with 1 mg/ml BSA and proteinase inhibitors (EDTA, 0.5 mM, 0.5 mM NaTT, and 0.02 mM PMSF). Tissue was homogenized, and after gently rocking for 2-3 min, homogenates were centrifuged at 3000 x g for 5 min, and supernatants were assayed. Plasma from ncphrectomized sheep having no detectable renin activity was used as the source of renin substrate. The concentration of substrate in the sheep anephric plasma was greater than 1000 ng of angiotensin I equivalent/mL, and the amount of substrate cleaved during reaction was always less than 5%. Reaction mixtures contained the angiotensinase inhibitors 8-hydroxyquinolone (5 mM) and 2,3 dimercapto-I-propanol (1.6 mM) in 0.11 M Tris HCI, pH 7.4. The angiotensin I release was quantitated by RIA as described (10) .
Wcstern blot analysis of renin ~nolecular fbrms (excluding prorenin). Western blot analysis was prepared as follows (1 1): Tissue was homogenized in 0.1 M Tris-HCI, pH 7.4, with inhibitors as mentioned above. To purify and concentrate active renin partially, homogenate was subjected to ammonium sulphate precipitation and chromatography on pepstatin conjugated to aminohexyl-sepharose (which binds only the active renin) (2, 14) . After elution with SDS-sample buffer, the material containing active renin was subjected to SDS-PAGE, under reducing conditions with P-mercaptoethanol(2). Reduction with mercaptoethanol allows separation of I-chain (M, 37 000) from 2-chain renin during SDS-PAGE, as the latter will migrate as heavy chain (M, 32 000) (2), which is easily detected and distinct from the Ichain renin. After electrophoresis, each gel was subjected to electrophoretic transfer to nitrocellulose sheets. Blots were reacted with rabbit antimouse renin-specific antiserum (1:250 dilution), followed by 1251-labeled goat antirabbit antiserum (New England Nuclear, Boston, MA) lo6 to lo7 cpm/blot. After being washed, blots were autoradiographed, and renin species of different mol wt were quantitated by densitometry.
RESULTS
The renin enzymatic levels in the male SMG increased with age, from 2.8 x lo3 ng angiotensin I/mg tissue protein/h at d 3 (n = 7) to 1.0 x 10' ng angiotensin I/mg tissue protein/h at d 40 (n = 13) (Table I) . Secretion experiments showed that both amount and rate of active renin secretion from male SMG rose with age parallel to the increase in tissue levels (from < 1 ng angiotensin I/h/mg proteinlmin at d 20 (n = 6) to 1.8 X lo4
angiotensin I/h/mg proteinlmin at d 40 (n = 16), p < 0.001) (Table 1) . Less than 1 % of tissue lactate dehydrogenase activity was found in media at 30 min and at the conclusion of secretion experiments, whereas active renin secretion rate increased linearly with time. As less than 1 % of cytosolic lactate dehydrogenase appears in the media, the renin release seen is not due to cell death or lysis.
Western blot analysis of homogenates from the SMG of male mouse showed increasing amounts of 2-chain renin with maturation of the animal. This pattern was seen both in the SMG tissue and in media into which renin was secreted (Fig. I) . The proportion of I-chain as compared to 2-chain renin in the SMG varied with age. To quantitate this, we performed densitometry on the I-chain and the 2-chain renin bands and expressed the results as percentage of I-chain or 2-chain renin of total active renin (Ic + 2c renins as 100%). Our data showed that the percentage of I-chain renin of total active renin in the tissue was 66.7 a 5 at d 25; 42.9 + 2.7 at d 30; and 17.6 + 3.3 at d 40 (n = 12 studies). The percentage of I-chain renin in media was 25 + 2% at d 30 (prepuberty), whereas it was 11. l + 3% at d 40 (maturity). These findings were highly reproducible (n = 12 studies). Western blots of active renin forms were also performed in female mice treated with testosterone propionate, 0.1 mg subcutaneously for 7, 10, and 14 d. Control adult females were also studied, and showed very little secretion of salivary gland renin (16.7 ng angiotensin I/h/mg proteinlmin). Testosterone induced a high level of secretion of salivary gland renin (3 x 10' ng angiotensin I/h/mg protein/min. Because of the low level of renin secreted by the control (untreated) female SMG, the ratio of 1-chain to 2-chain renin could not be accurately evaluated in the Western blot experiments in untreated females (Fig. 2) . However, as may be seen, a pattern similar to that in the mature male was induced in females treated with testosterone.
DISCUSSION
This investigation was designed to study the regulation of SMG renin content and secretion rate and processing in the CD-1 mouse during ontogeny. Renin enzyme levels in SMG increase greatly with onset of puberty in an androgen-dependent manner (3, 4, 6) . The present study suggests that there are also changes in the biosynthetic processing of active renin in the SMG during ontogeny, with a relative increase in 2-chain renin in the mature male animal. The relative amounts of 1-chain and 2-chain renin might be thought to account in part for the increase in male SMG renin enzyme activity. However, 2-chain renin has less activity than does I-chain (I), yet renin activity is increasing with age in the mouse at the time 2-chain renin is increasing, so such a shift in ratio cannot be a factor in increasing renin activity levels. By deduction, these data suggest that the overall synthesis and storage of renin must be greatly increased in the male mouse SMG during ontogeny. Indeed, this has been shown to be the case (3, 4) . The changes in the ratio of I-chain renin to 2-chain renin with age have several possible implications. One possibility is that before puberty, male SMG synthesizes principally 1-chain renin which is not stored but secreted via a constitutive pathway. After puberty, the granular convoluted tubule cells in which renin is produced become larger and contain more rough endoplasmic reticulum, free ribosomes, and electron-dense secretion granules (1 5). We postulate that with maturational cytodifferen- * Rcnin activity is expressed as ng angiotensin I/h/mg protein, mean f SEM. For each age group, number of experiments ( n ) is listed below the renin activity value. ANOVA, p < 0.000 1. i-Secretion of active renin, evaluatedlmin, is expressed as ng angiotensin I/h/mg tissue proteinlmin. Number of experiments ( n ) is listed below the secretion rate for each age studied. ANOVA, p < 0.00 1. (20) , though levels o f neither growth hormone nor prolactin peak or change at the times when renin production by SMG changes (20 (3, 17) . The results o f the present study support this concept.
In summary, these data demonstrate that SMG renin expression and processing changes during growth and development. A major factor involved in the change in SMG renin processing is androgen. Further developmental studies will be required to examine this concept in more detail.
